Optimization of Trichomonas vaginalis Diagnosis during
Pregnancy at a University Hospital, Argentina classification of the patients into asymptomatic and symptomatic. This study was performed under Hospital Ethics Committee's approval. All women included in this study gave their written informed consent to participate.
Vaginal discharge samples were extracted from the vaginal fornix. The microbiologic study of vaginal discharge samples for the diagnosis of trichomoniasis included microscopic wet smear examination with 1 ml of physiologic saline solution, as well as Gram and prolonged May-Grunwald Giemsa (MGG) stained smears. Another examination included a microscopic wet smear examination with sodium acetate-acetic acid-formalin (SAF)/methylene blue (methylene blue 0.5 ml and SAF 0.5 ml) [11] . Also, culture in liquid medium (modified thyoglicolate medium) for T. vaginalis, with a 7-day incubation period at 37˚C in an atmosphere of 5% CO2 [10, 12] . Additional tests were performed as vaginal discharge pH obtained using indicators strips (range 3-7), and fishy-odor test with 1 ml of 10% KOH with subsequent microscopic wet smear.
T. vaginalis culture was performed at bedside and then incubated at proper conditions not more than 1 hr after collection. Microscopic examinations were also carried out within less than 1 hr following sample collection. Leukocyte quantification was assessed by May-Grunwald Giemsa staining and was expressed as leukocyte numerical range per field (400x) calculating the average leukocyte count within 10 non-adjacent microscopic fields.
Also, the search for T. vaginalis was carried out by detection of a specific region of the 18S rRNA gene of T. vaginalis as described by Mayta et al. [13] . The analytical sensitivity for this PCR method was assessed in our laboratory conditions from a culture of 3.2× 10 3 parasites to which DNA was extracted and serial 10-fold dilutions were made. Concentrations of Taq, magnesium, and primers were optimized in the PCR reaction to obtain a sensitivity of less than 1 parasite per reaction tube (final sensitivity: 0.5 parasites per reaction tube, 50-100 parasites/ml in the original sample). For each clinical sample, a PCR for the human β-globin gene was carried out as a control for the presence of amplifiable DNA and PCR inhibitors [13] . If any sample resulted in β-globin negative, it was not included in this study. The different methods employed were compared considering culture or PCR positivity as true positive values (expanded gold standard). Both sensitivity and specificity were estimated with a 95% confidence interval (CI) (EPI INFO 6.0). Odds ratio (OR) was estimated to relate vaginal inflammatory status with symptomatology.
Infection by T .vaginalis was diagnosed in 24 out of 386 pregnant patients (6.2%) (95% CI: 4.1-9.2%) using an expanded gold standard (positive culture and/or PCR). Fourteen samples were positive by both methodologies, 6 were positive only by PCR (5.2%) (95% CI: 3.3-8.0%) and 4 only by culture (4.7%) (95% CI: 2.9-7.4%). The presence of T. vaginalis was also detected by wet mount with SAF/methylene blue in 12 positive samples (3.1%) (95% CI: 1.7-5.5%) but in 11 samples (2.8%) (95% CI: 1.5-5.2%) using prolonged MGG staining and direct wet mount with physiologic saline solution. Table 1 shows the sensitivity, specificity, positive predictive value, negative predictive value, and area under the ROC curve of each diagnostic method for T. vaginalis in the total pregnant patients. The sensitivities were 75.0% (95% CI: 34.9-96.8%), 100% (95% CI: 63.1-100%), 100% (95% CI: 63.1-100%), and 87.5% (95% CI: 47.4-99.7%) in symptomatic patients and 87.5% (95% CI: 61.7-98.5%), 62.5% (95% CI: 35.4-84.8%), 25.0% (95% CI: 7.3-52.4%), and 25.0% (95% CI: 7.3-52.4%) in asymptomatic patients, for PCR, culture, SAF/methylene blue method, and direct wet smear with prolonged MGG staining, respectively. The specificity was 100% (95% CI: 99.0-100%) for all the assessed methods in both symptomatic and asymptomatic patients. Twenty-five percent of the samples were β-globin negative.
Of the 24 patients with trichomoniasis, 16 were asymptomatic and their colposcopic examinations were normal. The microscopic examinations were negative for T. vaginalis in 12 out of 16 of these patients. On the other hand, 8 out of 24 patients were symptomatic with cervicocolpitis, and for these 8 patients at least 1 out of the total microscopic examinations for T. vaginalis was positive. A vaginal inflammatory status with a leukocyte numeric range > 10 per field (400x) was significantly associated to symptomatology, with OR 45 00 (2.55<OR<2,198. 34) (P < 0.003).
In the present study, which included both symptomatic and asymptomatic pregnant women, a frequency of 6.2% of T. vaginalis infection was observed by culture and/or PCR. The prevalence values obtained during pregnancy differ in various studies regarding the populations examined. Madico et al. [14] described prevalence of T. vaginalis of 6.6% by culture media and of 9.4% by culture plus PCR in symptomatic and asymptomatic patients. In addition, we have previously reported a prevalence of 4.0% by culture in symptomatic and asymptomatic pregnant women [12] . Nevertheless, Gondo et al. [15] registered much lower prevalence of T. vaginalis by culture (0.4%) in symptomatic and asymptomatic pregnant women. To date, no prevalence data of T. vaginalis by culture and PCR have been published in Argentina.
On the other hand, T. vaginalis prevalence differs according to the methodology employed. In this study, prevalences obtained by microscopic examinations were lower than those observed by culture and PCR. Likewise, in the literature, lower values are observed by microscopic examinations than by culture and PCR, although variations were observed considering the population analyzed. In Brazil, Simoes et al. [16] reported prevalences similar to our results, 2.1% for microscopic examinations in pregnant women with and without symptoms. Moreover, we have previously described higher prevalences of T. vaginalis (4.5%) for microscopic examinations in both symptomatic and asymptomatic pregnant women [17] . Di Bartolomeo et al. [18] , in Argentina, also showed higher prevalences to the ones found in our present study (3.5%) for wet mounts with physiological saline solution and prolonged MGG staining, although patients were symptomatic pregnant women.
As reported by several studies, the sensitivity of the microscopic examination ranges between 35% and 80% [1, 4] . In this study, the sensitivity of the different microscopic examinations was low (45.8-50.0% according to the staining as shown in Table 1 ). The sensitivity decreases to 25% in all microscopic examination techniques in the group of asymptomatic patients. Radonjic et al. [19] reported a sensitivity of 66.7% for wet mount and a sensitivity of 52.4% for prolonged MGG staining, in patients with gynecological complications. Likewise, Costamagna [11] informed a sensitivity of 58.3% for the wet mount with physiologic saline solution, and also described a higher efficiency of the wet mount with SAF/methylene blue method. The low sensitivity of the microscopic examinations in asymptomatic patients may be probably due to the lower load of parasites in these patients. Although the sensitivity was low, the specificity of the different microscopic examinations was high (100%), as previously described [19] .
Culture in liquid medium (modified thyoglicolate) as a unique method detected 75% of the genital infections by T. vaginalis. Using PCR, the detection increased to 83% of the infected women. Randongic et al. [19] reported similar results with a sensitivity and a specificity of PCR of 81.0% and 97.2%, respectively. Likewise, Madico et al. [14] described a sensitivity of culture and PCR of 70% and 97%, respectively. Using a set of primers targeting a conserved region of the β-tubulin genes of T. vaginalis, they also described a specificity of 100% of culture and of 97.8% by PCR. In addition, Paul et al. [20] observed a significant agreement between the PCR and culture with a set of primers which amplifies a 102 bp genomic sequence of adhesine gene. Also, Shipitsyna et al. [21] reported sensitivities of the PCRs of 94.3-100% and a specificity of 100% using 5 PCR assays and considering the real-time multiplex PCR as the reference assay. It should be mentioned that there is no standardized PCR method for T. vaginalis diagnosis.
The search for T. vaginalis by means of the liquid culture medium requires a thorough daily microscopic observation during 7 days. In those patients with direct negative microscopic examinations, growth of the parasite in culture was observed between the 2nd and the 7th day.
The 4 samples detected only by culture and negative by PCR, after the dilution of the original sample, were found positive. In 2 of these samples, it is presumed that an excess of genetic material could have negatively interfered with the PCR, as Mayta et al. [13] also pointed out when first described the PCR we used in this study. They posed that because of the back-ground of the samples they could have a positive result after a first negative result for T. vaginalis DNA amplification, once the sample was diluted. In the other 2 samples positive by culture but negative by PCR, the presence of inhibitors is presumed, because a negative result was obtained for the amplification of the β-globin gene. However, as we first stated, β-globin negative samples were not included for the sensitivity and specificity analyses in comparison of the different techniques.
As 25% of the samples were β-globin negative, it is presumed that the presence of inhibitors might also inhibit the detection of T. vaginalis by PCR yielding false negative results with both negative cultures and microscopic examinations. For this reason, it might be inferred that the frequency of infection by T. vaginalis might be even higher.
It is worth mentioning that in most of the asymptomatic pregnant women, T. vaginalis diagnosis was only performed by culture and/or PCR, because the microscopic examinations were mostly negative, while the presence of this parasite was mainly associated with Lactobacillus spp., pH was ≤ 4.5 and negative fishy-odor test.
The results of this study indicated that, while there is not a standardized protocol for the detection of T. vaginalis infection, it should be necessary to improve it by using combined methods with higher sensitivity and area under curve ROC, such as culture and PCR, mainly in asymptomatic pregnant patients, to increase the power of detection in order to implement an early and adequate treatment, and thus, prevent possible maternal and perinatal complications.
